SUMMARY Ultrastructural studies were performed on bone marrow aspirates from three patients with visceral leishmaniasis. The patients were moderately anaemic but showed a suboptimal increase in the absolute reticulocyte count. Serum and red cell folate concentrations and serum vitamin B12 concentrations were normal in all three cases, and serum ferritin concentrations were normal or increased. The bone marrows were hypercellular and showed erythroid hyperplasia; a high proportion of the erythroblasts showed dyserythropoietic changes. Additional mechanisms have also been proposed for the anaemia in kala-azar. These include dyserythropoiesis and ineffective erythropoiesis, attributed to the action of toxins generated by the organisms, and haematinic deficiencies.6 Although several studies have shown the presence of com-
Visceral leishmaniasis (kala-azar) is a chronic disease caused by the intracellular parasitic organism Leishmania donovani. It is characterised by severe splenomegaly and varying degrees of pancytopenia. The pancytopenia seems to be mainly related to the splenomegaly that results in increased pooling of blood cells within the spleen, an increase in plasma volume (haemodilution), and some reduction in the life span of blood cells (due to "hypersplenism"). Thus in a large series of cases Cartwright et all showed that the severity of pancytopenia correlated both with the size of the spleen and the duration of symptoms. In addition, as in other conditions with substantial splenomegaly, both an increase in plasma volume, and a shortening of the life span of red cells and platelets and of the half life of circulating granulocytes has been shown in kala-azar.2 5 Additional mechanisms have also been proposed for the anaemia in kala-azar. These include dyserythropoiesis and ineffective erythropoiesis, attributed to the action of toxins generated by the organisms, and haematinic deficiencies. 6 Although several studies have shown the presence of comAccepted for publication 4 September 1986 plement components37 or IgG plus complement components on the red cells of patients with kala-azar, 8 there is no information as to the part played by these immunoproteins in the pathogenesis of the anaemia.
Little attention has been paid to the ultrastructure of the bone marrow in kala-azar; a survey of the published reports showed only electron microscopic data on a single patient who was studied three days after antimony treatment had been started.9 In view of the possibility that marrow dysfunction may have some role in the pathogenesis of the pancytopenia in kalaazar we made a detailed ultrastructural study of the bone marrows of one previously treated and two untreated cases. The present paper describes our findings.
Material and methods
The study was Results Table 1 summarises the main clinical and laboratory data prior to and two weeks after the start of treatment. At presentation all three patients had massive splenomegaly and moderately severe anaemia. The absolute reticulocyte counts were raised to between about two and five times higher than normal. Platelet counts were only slightly reduced. Mild neutropenia was seen in one of the cases. There was little change in the blood picture at the end of two weeks of treatment -'with antimony.
The pretreatment marrow fragments were grossly hypercellular with a virtually complete absence of fat cells. Table 2 summarises data on the cellular composition and other features of the marrow before treatment. All three patients showed reduced myeloid:erythroid (M:E) ratios due to erythroid hyperplasia, and increased numbers of megakaryocytes. They also showed an increased proportion of erythroblasts with dyserythropoietic features. Most of the morphologically abnormal erythroblasts were early and late polychromatic cells; the most common erythroblast abnormalities were cytoplasmic stippling and irregularly shaped nuclei or karyorrhexis. Cytoplasmic stippling-was seen in 6-14% and irregularly shaped nuclei or karyorrhexis in 7-13% of the erythroblasts. There were 1-4% of binucleate or multinucleate erythroblasts. Occasional giant metamyelocytes and several megaloblasts were found in case 2. Stainable iron was present in the marrow fragments of all three cases. A noticeable reduction in the proportion of morphologically abnormal erythroblasts occurred two weeks after the start of leishmaniacidal treatment (table 2) .
Prior to treatment the number of intracellular and extracellular L donovani seen per 1000 nucleated marrow cells was lowest in case 1 and highest in case 2. The prevalence of L donovani in the marrow smears, however, did not correlate with counts of the organism in splenic aspirates or with the activity of the disease, as judged by the spleen size. ELECTRON MICROSCOPY Macrophages were prominent in the bone marrows of all three patients. Amastigote forms of L donovani were found within a high proportion of the macrophage profiles in cases 2 and 3 and in only a rare macrophage profile in case 1. The organisms seemed to be rounded or oval in outline and were limited by a trilaminar periplast consisting of an outer unit membrane of host cell origin, a middle unit membrane of parasite origin, and an inner layer of subpellicular hollow microtubules. Other cellular structures recognised included the nucleus, the kinetoplast, a flagellar pocket, the flagellum, mitochondria, a Golgi apparatus, multivesicular bodies, electron lucent vacuoles-sometimes containing varying quantities of electron dense granular material, large rounded homogeneously electron dense inclusions, and lipid droplets. Between one and 11 organisms were usually seen within a single macrophage profile and were found singly or in groups of two or four. In some sections, and particularly when the parasites were present in groups, the two unit membranes of the periplast, which are usually closely apposed to each other were separated to varying extents by granular electron dense material.
Parasitic organisms, some of which showed various degrees of degeneration or degradation, were also found within occasional neutrophil and eosinophil granulocytes (fig 1) . The granulocytes containing the organisms were usually located near a broken up parasitised macrophage. Furthermore, a few parasites were occasionally found extracellularly attached to the cell membrane of the granulocytes, and these were surrounded by a narrow fluffy rimlof residual macrophage cytoplasm. vacuoles (fig 2d) . Erythroblast profiles in contact with heavily infected macrophages did not necessarily show ultrastructural abnormalities. In cases 1, 2, and 3, respectively, 23-1, 10 8, and 11 9% of the profiles of nucleated cells belonged to an abnormal cell type (fig 3) . Such cells displayed more or less rounded or oval outlines, were generally large, being up to 11 m in their long axis, and contained a single large nucleus and moderate quantities of cytoplasm. The outlines of the nuclei were roughly circular or oval and, occasionally, quite irregular. The nuclei usually contained only very small or small quantities of heterochromatin and displayed prominent nucleoli. The cell membrane regularly showed evidence of substantial rhopheocytotic activity (fig 4) .
The electron density of the cytoplasmic matrix was usually low, being similar to that in pronormoblasts, but was occasionally considerably higher (fig 3) . The cytoplasm contained many ribosomes, often arranged as polysomes, several mitochondria, and a few to several strands of rough endoplasmic reticulum. The cytoplasm of the abnormal cell profiles characteristically contained one to 20 (usually one to 10) large membrane bound, moderately or strongly, electron dense granules, which were rounded or oval in outline and which had average diameters of 0-2-0-8 pm (mean 05 pm). The granules were sometimes scattered throughout the cytoplasm but, more often, were concentrated in a fairly restricted area near the Golgi apparatus and centrioles. Some granules were homogeneous in appearance; some showed one or more rounded areas of increased density in their centre; and others contained a variable number of irregularly shaped, more or less well defined electron lucent areas (fig 4) . Occasional granules contained ferritin molecules that were either diffusely distributed or localised to one region within the granule matrix. In addition to the large electron dense granules described above, some cell profiles displayed much smaller granules of similar electron density. Several abnormal cells were sometimes associated with a single infected macrophage and the erythroblasts surrounding it; the abnormal cells were in intimate contact with the macrophage or its cytoplasmic processes, other abnormal cells, or erythroblasts. Abnormal cells were also found apparently unassociated with a macrophage profile or associated with macrophage profiles not including sectioned organisms. Some of the abnormal cells interdigitated with adjacent normal looking erythroblasts in a manner similar to the inter- 5) . 
Discussion
In these three patients with kala-azar the distribution of intracellular organisms within the bone marrow was similar to that reported previously in a single patient studied three days after treatment with antimony had been started.9 Most of the parasites were situated within macrophages, and a few were found inside neutrophil and eosinophil granulocytes. Most of the neutrophil and eosinophil granulocytes containing the organisms were observed near disrupted infected macrophages, suggesting that the organisms located within granulocytes were derived from damaged macrophages. The damage to macrophages had probably occurred in vivo as a consequence of their invasion. The possibility cannot be excluded, however, that at least some of the intragranulocytic parasites had been released from macrophages which had been damaged during the marrow aspiration and had entered the granulocytes during the short period (less than 30 minutes) between marrow aspiration and the fixation of marrow fragments for electron microscopy. The ultrastructural features of the organisms within both the bone marrow macrophages and the bone marrow granulocytes of our patients were similar to those described previously for organisms found within the splenic macrophages of hamsters in vivo14 and laryngeal macrophages of a patient from central Italy. 1 5 The physiological reserve of normal bone marrow is such that this tissue can increase the rate of delivery of new red cells into the circulation (effective erythropoiesis) by a factor of 6-8. If the absolute reticulocyte count is taken as a rough index of effective erythropoiesis the three patients with kala-azar we studied showed only two to five-fold increases in the rate of effective erythropoiesis and thus seemed to have mounted a suboptimal marrow response despite persistent moderately severe anaemia. As the three patients showed severe erythroid hyperplasia in the marrow and a substantial increase in the prevalence of morphologically abnormal erythroblasts, it seems likely that the suboptimal marrow response resulted from increased dyserythropoiesis and ineffective erythropoiesis. The possibility that erythropoiesis was ineffective was supported by the finding that occasional intermediate and late erythroblasts seemed to have been phagocytosed by macrophages.Thus the haematological data in our patients support the previously published finding that although the anaemia of kala-azar may be primarily a consequence of splenomegaly, dyserythropoiesis and ineffective erythropoiesis also play a part in its pathogenesis. mation of giant lysosomes may be a manifestation of damage to early erythroblasts, possibly caused by a locally generated or circulating parasite product or macrophage product, and could well be associated with a high mortality among the affected cells. In this respect it is noteworthy that the prevalence of abnormal cells with large granules was greatest in case 1, with the highest percentage of mature erythroblasts with dyserythropoietic features, and that occasional abnormal cells seemed to have been phagocytosed by macrophages. Electron microscopic studies using gold labelled cell lineage specific monoclonal antibodies and electron microscopic autoradiographic studies of iron ("Fe) uptake would be required for a definitive biochemically based identification of the abnormal cells.
